HISTORICALLY, MALARIA HAD BEEN a major health problem in the Atlantic Forest regions of the state of São Paulo, Brazil, until the early 1970s. As a result of a major eradication campaign carried out during late 1960s, malaria incidence dropped from the yearly 40,000 cases reported around 1940 to 4,000 Ð5,000 cases in 1970, and to 71 cases in 1982 (Deane 1988) . In recent years, only sporadic cases of autochthonous malaria have been recorded in the state of São Paulo.
However, in spite of the successful control of malaria achieved in the state of São Paulo, anopheline mosquitoes of the Atlantic Forest and its surroundings were never eradicated. In addition, they have colonized new habitats such as rice Þelds in the southeastern part of the state of São Paulo (Forattini et al. 1993a) . Forattini et al. (1993b) reported that Anopheles albitarsis Arribalzaga sensu lato is the dominant species in areas of rice cultivation. They also reported that this species complex was practically nonexistent in the residual forests, despite their high prevalence in irrigation systems, which are usually located not more than 1 km away from the forest. In addition, Santos and Forattini (1999) reported a large population of An. albitarsis s.l. in a rice farm located in the Ribeira Valley area, and a human biting rate as high as 500 bites per human per night. They also estimated the duration of the gonotrophic cycle and reported An. albitarsis may bite once each 2.4 d (Santos et al. 2002) .
Therefore, it is important to maintain regular epidemiological surveillance programs to avoid a recrudescence of malaria transmission in that area. The purpose of this study was to estimate the survival, under Þeld conditions, and the human biting rate of An. albitarsis s.l. to contribute to estimate component parameters of its vectorial capacity.
Materials and Methods
Study Area. The study took place at a farm belonging to the Instituto Agronô mico de Campinas (IAC), located at Pariquera-Aç u county, Ribeira Valley, State of São Paulo, Brazil (24Њ 30Ј S, 47Њ 50Ј W). The farm is located Ϸ200 km southeast of the city of São Paulo, covering 256 ha, including 11 ha for rice irrigation (Forattini et al. 1993a) .
Mosquito Density. The mosquito density was estimated by human bait collection through captures of adult female anophelines with small hand-held aspirators, without allowing females mosquitoes to effectively bite Þeld staff. Collections began at sunset and continued for 2 h, because previous studies in the area showed that Ϸ90% of hematophagous activity occurred during this period (Forattini et al. 1996) . Two persons conducted collections for one night every 2 wk, from May 1996 until June 2000, totaling 108 nights. The human biting rate was calculated as the mean number of landing anopheline females per human per night.
Survivorship. The natural mortality rate () was estimated through markÑreleaseÐrecaptures conducted in the wet season, dry season numbers of females being too few to carry out this technique. Three Shannon traps baited with light were used to capture females during January and February 2000. Captures were conducted for 2 h, beginning at sunset, with hand-held aspirators, adapted for individual capture. The Anopheles females, subgenus Nyshorrynchus, landing in the Shannon walls were captured, counted, and placed in polystyrene cages. After this, they were dusted with ßuorescent powder and released in the center of the trapping area. Recaptures were performed daily, for 1.5 h, beginning at sunset, with landing catches on human subjects. Recaptures were carried out simultaneously at four sites distant Ϸ100 m to the north, south, east, and west of the central release point, respectively. The recapture continued until two consecutive nights were negative for marked mosquitoes. The captured mosquitoes were taken to the laboratory, killed with chloroform, examined microscopically for ßuorescent dust under UV light, sorted to species complex, and counted. Survivorship was considered constant and was estimated by linear regression of the natural logarithm transform of the declining number of females recaptured on successive days after release (Milby and Reisen 1989) . The value is equal to the antilog of the slope of the regression line and was used to estimate survivorship, through the following relation:
where P is the survival probability and n is the number of days (Smith and KeyÞtz 1977) . The daily survival probability can be obtained by setting n ϭ 1.
Results
In total, 13,377 An. albitarsis females were collected in human baits from May 1996 to June 2000. The human biting rate ranged from 0 to 629 bites per human per night during the study period (Fig. 1) . In southeastern Brazil, the dry season occurs between April and October, during which time there were a marked drop in the captures in all years studied.
In total, 6,676 marked females were released during the two markÐreleaseÐrecapture experiments, of which 291 were recaptured along the following 10 nights (Table 1) . Because the recapture data from the two releases showed no statistically signiÞcant difference by using WilcoxonÕs two-sample test (P ϭ 0.22), they were combined and linear regression was Þtted to the natural logarithm of pooled recapture data to estimate the natural mortality rate. There was a good Þt of the model to the data as indicated by the high value of r 2 (Fig. 2) . The natural mortality rate given by the pooled regression coefÞcient (0.5 d
Ð1
) was used to calculate a daily survival probability of 0.61 and the probability of surviving for more than a few days (Table 1) .
Discussion
Malaria continues to occur sporadically in the Ribeira Valley, with 214 human infections reported in the past 15 yr. The region is characterized by a relatively well preserved Atlantic Forest environment, with patches of disturbed areas occupied mainly by small farms of subsistence agriculture, in the poorest region of the state of São Paulo. Anophelines that are potential malaria vectors, including An. albitarsis (Schiavi 1945) , are abundant in the area (Deane 1986) . Therefore, the occurrence of sporadic malaria transmission and the increase in tourism suggest the need for studies to better quantify the potential risk of malaria outbreaks in this region.
Previous entomological studies in the same area revealed the presence of two species of the An. albitarsis s.l. complex, namely, An. albitarsis s.s. and An. albitarsis B (Wilkerson et al. 1995) . Kakitani and Forattini (2000) , distinguishing between species by the dark part of the second tarsomere of the posterior leg, reported that Ϸ91% of the local population were An. albitarsis B and Ϸ9% were An. albitarsis s.s. Owing to the acknowledged uncertainty of this character, we chose to pool the two sibling species and consider them as An. albitarsis s.l.
In this study, the density of An. albitarsis females showed a regular seasonal variation in each of the 4 yr, being higher in the wet seasons, with numbers as high as 629 potential bites per human per night (Fig. 1) . During the dry season (JuneÐSeptember), mosquito density dropped almost to zero. The ßooding period for rice cultivation lasts from December to April, and this period coincides approximately with regional heavy rains in São Paulo (Forattini et al. 1993a ). An. albitarsis s.l. is the predominant anopheline species in these irrigation systems (Forattini et al. 1993b ).
It is important to emphasize that because we used landing catches, collectors may have caught more mosquitoes than would have actually bitten people. In addition, our Þndings refer to a particular rice cultivation area, and this should be carefully taken into account when extrapolating the results for other regions in Ribeira Valley. Survival probability estimates based on markÐre-leaseÐrecapture studies are inßuenced strongly by loss due to emigration, rainfall, or other uncontrolled factors. In this study, we considered An. albitarsis s.l. as a restricted population because it is not routinely found in signiÞcant numbers outside the boundaries of the rice paddies (Forattini et al. 1993b) , therefore minimizing loss due to emigration. However, heavy rainfall occurred in the second day of the Þrst markÐ releaseÐrecapture experiment, which may explain the absence of females recaptured that night ( Table 1 ). Note that this is the only point in Fig. 2 out of the 95% CI bands. The daily survival probability of 0.61 reported here is lower than that reported by Rubio-Palis (1994) for An. albitarsis s.l. in Venezuela, adjusted by physiological age. Burkot and Graves (1995) considered that the method of estimating daily survival by using the physiological age of mosquitoes could overestimate its actual value. However, the same authors pointed out that markÐreleaseÐrecapture studies, which we used, could underestimate the same value. Moreover, the Venezuelan An. albitarsis s.l. of RubioPalis (1994) are probably composed of species different from those present in the Ribeira Valley (Wilkerson et al. 1995) . Therefore, considering that our results are similar to those obtained by Kakitani and Forattini (2000) , who used different techniques, we believe that our estimates are epidemiologically accurate.
The estimated natural mortality rate of 0. and become potentially infective, because 9 d is the lowest estimate of the extrinsic cycle of Plasmodium vivax in any month for the area studied, as calculated by the Oganov-Rayevsky method (Detinova 1962) . The low probability of survival along with the extrinsic cycle duration is therefore an important factor limiting the vectorial capacity of An. albitarsis in that region.
However, the high anopheline mosquito density reported and the susceptibility of An. albitarsis s.l. to infection by P. vivax (Klein et al. 1991 ) remain of concern. Although anophelines with a daily survival probability of 0.61 are unlikely to transmit parasites that require an intrinsic incubation period of 9 Ð14 d, high vector densities may well account for some residual malaria transmission, even if the survival rate is low. This possibility can be veriÞed using the wellknown formula proposed by Garrett-Jones (1964) for the vectorial capacity (C):
where m is the density of female anophelines in relation to human, a is their average daily biting rate, and p is their daily survival probability. Using our data from this and from previous studies Forattini 1999, Santos et al. 2002) , C was estimated to be as high as 0.15Ð 0.8 d Ϫ1 in the peak of the transmission seasons during the study period. Values of C of this magnitude produce a basic reproductive number of malaria (R 0 ) around 10 (Molineaux 1988), which indicates a highly receptive area with risk of epidemics, according to the classiÞcation proposed by Molineaux (1988) .
It should be remembered that our results apply only to the very speciÞc environmental conditions of the IAC experimental farm. We do not know whether these conditions prevail in other areas of Ribeira Valley, although the region has experienced marked changes of the natural environment due to human activities, including the recent spread of rice growing. Therefore, it seems advisable that health authorities consider control measures based on entomological surveillance to avoid the risk of resurgence of malaria in that region.
